The aim of the present narrative review was to highlight considerations when treating Chinese patients with periodontal diseases. These considerations can be broadly categorized into anatomical, microbiological, and genetic considerations. Anatomical considerations are tooth-related factors causing site-specific issues, and these include incisal palatal groove, root concavities, three-rooted permanent mandibular first molar, furcation entrance dimensions, cervical enamel projections, root trunk length, and molar root fusion. Aggregatibacter actinomycetemcomitans was found to be commensal in the oral flora of Chinese. The association between a single gene polymorphism and periodontal disease has not been unequivocally proven in Chinese populations. Despite these subtle differences compared to other ethnic populations, studies of Chinese participants from various geographic regions have demonstrated that periodontal disease in this particular ethnic group can be successfully treated.
| INTRODUC TI ON
Bacterial plaque plays a primary etiological role in the initiation of periodontal disease. 1 Along with a susceptible host, contributing factors to the progression of periodontal disease, which include smoking and systemic conditions, such as diabetes mellitus, 2, 3 can lead to further progression of periodontal disease. Furthermore, there can be toothrelated factors causing site-specific issues. 4 Among different ethnic groups, there are subtle differences in terms of anatomy, microbiology, and genetic susceptibility. The aim of the present study was to review these anatomical, microbiological, and genetic factors, specifically pertaining to the treatment of Chinese periodontal patients.
| MATERIAL AND ME THODS
A search was conducted on PubMed using the following key words:
Chinese, periodontal disease, periodontal treatment, periodontitis. Only articles published in English and before April 2018 were included. A manual hand search of the bibliography of retrieved articles was also performed. Due to the nature of the topic, a systematic review cannot be performed and evidence was presented in a narrative format.
| ANATOMIC AL CONS IDER ATIONS

| Incisor palatal groove
Palatal groove ( Figure 1 ) was first suggested to be a contributing factor to the development of localized periodontitis by Lee et al., 5 who outlined the association between deep probing pocket depths (PPD) and palatal grooves in a case series. The palatal groove effectively acts as a funnel for accumulation of bacterial plaque, creating an ecological niche inaccessible to both the patient and dental practitioner for oral hygiene procedures. Subsequently, the relationship between palatal groove and localized periodontitis was demonstrated in several large population-based studies. [6] [7] [8] Palatal grooves can differ in terms of location (mesial, distal, or mid-palatal), depth, and termination (cementoenamel [CEJ] junction, root). 9 The prevalence of palatal grooves was noted to be higher in a
Chinese population compared to epidemiological studies of other ethnic groups. In a clinical examination of 101 Chinese participants with a total of 404 maxillary incisors, the prevalence of palatal grooves was noted to be at 44.6% (45 subjects) at the patient level, and 18.1% (73 teeth) at the tooth level. 8 In this population, the prevalence of palatal grooves was most common in the maxillary lateral incisors (30.2%), less frequently in the central incisors (5.9%), and rarely affecting both maxillary incisors (4%). In comparison, palatal grooves were less commonly encountered in both Caucasian and African populations, with a prevalence of 3.5%-9.1% and 4.8%-5.2%, respectively. 6, 7 This difference could be due to the methodology employed by Hou and Tsai, 8 where a surgical flap was raised to determine the presence of palatal groove. Nonetheless, the finding of lateral incisors being most commonly affected was supported by other epidemiological studies. 6, 7 The treatment proposed for management of palatal groove depends on several factors, including depth and extension of groove, severity of periodontal disease, and pulpal status of the affected tooth. Management strategies reported range from access flap to smoothen the root surface, sealing the groove with restorative materials, use of various regenerative materials, combined periodontalendodontic approach, and the extraction of unsalvageable teeth. 10 There has been no large cohort study reporting on the treatment of palatal grooves to date, most likely due to difficulty in recruitment, and the treatment reported has mostly been in the form of case reports or case series.
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| Root concavities
Similar to palatal grooves, root concavities can act as an ecological niche for bacterial plaque, and are commonly found in mandibular anterior teeth and maxillary premolars. 13, 14 Root concavities often present as a challenge for self-performed plaque control procedures, with floss, superfloss, and toothpicks being unable to reach the depth of concavities. 15 They also present as a therapeutic challenge, with residual calculus often found in root concavities, even after open flap debridement (OFD). 16 Previous in vitro studies of extracted teeth have consistently demonstrated that clinical attachment level (CAL) loss was significantly greater on surfaces with root concavities compared to surfaces without root concavities. 14, 17 In mandibular incisors, concavities are usually of a shallow U-shaped morphology, whereas they usually present as a deeper V-shaped morphology in maxillary premolars. 14 In maxillary premolars, concavities are usually deeper in the mesial surfaces compared to distal surfaces and often extend toward the apical region.
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In a study of extracted teeth from an ethnic Chinese population, it was found that root concavities often begin in the enamel surface. 13 This was especially significant at the mesial surface of maxillary first premolar, where 100% of teeth studied presented with root concavities, with these concavities extending an average of 3.7 mm above the CEJ. This was further expanded in a clinical study of 99 Chinese patients with chronic periodontitis. 19 In that study, clinical and cone-beam computed tomography (CBCT) examination was performed for each patient.
Similarly, root concavities presented on mesial surfaces of all 112 maxillary first premolars. PPD, CAL loss, and plaque accumulation were found to be significantly greater on surfaces with root concavities compared to surfaces without. CBCT imaging revealed that alveolar bone defects in roots without concavities were mostly ramp shaped, whereas crater-like defects were more commonly associated with roots with concavities.
Regression analysis previously showed that the effect of root concavities on progression of periodontal disease was gradually diminished with increased CAL loss. 14 This might indicate at advanced stages of periodontal disease, factors other than root concavities play a dominant role. It was previously suggested that as periodontal disease progresses, only interdental brushes are able to reliably reach and clean the depth of root concavities. 15 In a pilot split-mouth study of nine patients with bilateral infrabony defects at the maxillary premolars, it was found that guided tissue regeneration (GTR) using non-resorbable membrane did not confer significant additional gain in CAL compared to conventional OFD. be a contributing factor to the development of localized periodontitis. 21 In that study, PPD and loss of CAL were found to be significantly higher at the distolingual site of three-rooted first molars with advanced periodontitis, when compared to two-rooted first molars with advanced periodontitis (PPD:
6.87 ± 1.72 mm vs 5.84 ± 1.60 mm, respectively, P < 0.001; loss of CAL: 8.30 ± 2.47 mm vs 7.30 ± 2.25 mm, respectively, P = 0.003).
However, for molars with mild or moderate periodontitis, the presence of additional distolingual roots did not seem to confer additional risk.
Previously, pioneering studies made use of extracted teeth to determine the prevalence of three-rooted permanent mandibular molars in different populations. 22, 23 This methodology, however, has several limitations, principally being unable to determine the exact cause of extractions, account for teeth which fractured The three-rooted mandibular first molar is considered a genetic variation, rather than a developmental abnormality. It is extremely rare in Caucasian, African, and Brazilian populations, with a prevalence of <5% at both the patient and tooth level (Tables 1 and 2 ).
In contrast, it is commonly encountered in Chinese or Korean populations, with prevalence between 21.1% and 40.5% at the patient level, and between 17.8% and 29.3% at the tooth level (Table 3) . The three-rooted permanent mandibular first molar presents as a therapeutic challenge for endodontists and has been discussed extensively in the endodontic literature. 24, 25 Comparatively, to the best of our knowledge, the three-rooted permanent mandibular first molar has been mentioned as a local contributing factor to the development of periodontitis in only one study. 21 There has been no clinical trials targeted toward the periodontal management of three-rooted permanent mandibular first molar to date. Given the challenges faced when attempting regenerative procedures for proximal furcations in maxillary molars, 26 it remains to be determined whether regenerative approaches can be applied predictably for the management of the three-rooted mandibular first molar with proximal furcation involvement.
| Furcation entrance dimensions
Bower conducted a study on 114 maxillary and 103 mandibular extracted permanent first molars to determine whether curettes were able to enter furcations. 27 In that study, the furcation entrance di- and distal furcations of maxillary molars accounted for 32%, 6%, and 8% of first molars, and 40%, 18%, and 40% of second molars, respectively, whereas in the buccal and lingual furcations of mandibular molars, the percentage of FED ≤0.56 mm accounted for 16% and 26% of first molars and 35% and 33% of second molars, respectively.
| Cervical enamel projections
Cervical enamel projection (CEP) is defined as a dipping of the enamel from the CEJ toward the furcation area of molars. 30 The extent of CEP can be classified into three categories, according to the system proposed by Masters and Hoskins 31 :
• grade I: short but distinct change in contour of CEJ toward the furcation;
• Grade II: CEP approaches furcation, but does not make contact with it;
• grade III: CEP extends into furcation Similar to coronal enamel, connective tissues are unable to attach to CEP, and therefore they have been implicated as a risk factor for the development of localized periodontitis. Furthermore, a pouch-like opening was found between the cementum and apex of CEP when examined under scanning electron microscope (SEM). 32 This might serve as an ecological niche for periodontal pathogens. A significant association between molars with CEs and furcation involvement has been found in dry skulls 30 and in clinical examinations 33, 34 when compared to molars without CEP.
It is far more difficult to determine the prevalence of CEP in situ compared to determining the prevalence of three-rooted mandibular molars. Most studies have used extracted teeth to determine the prevalence of CEP, but there can be difficulties in determining exact tooth location. 35 Radiographic examination is not sensitive enough, and visual observation with tactile examination remains the best diagnostic modality. Unfortunately, the normally subgingival position of CEPs makes this difficult without thorough gingival retraction, and an open flap approach had been used in several studies of patients with periodontal involvement. 33, 34 However, this approach is unsuitable in periodontally-healthy patients.
Nonetheless, CEP appear to be a common feature in the Chinese molars, with prevalence reported being as high as three times more compared to Caucasians. 36 When GTR is performed for molars with furcation involvement and CEP, enameloplasty is necessary for an optimal outcome. 34, 37 SEM images have indicated that when a diamond bur at high speed was used to remove CEP, it produced the smoothest surface, but would also remove the adjacent tooth structure; a piezoelectric ultrasonic scaler was unable to completely remove CEP and produced the roughest surface at the same time, whereas a periodontal bur at slow speed might be the most bioacceptable, leaving some enamel remnants, but not invasive to adjacent tooth structure. Hou and Tsai reported that the root trunk length of Chinese maxillary first molars was likely to be either type A (41%) or type B (47.1%), whereas the root trunk length of mandibular first molars was usually type A (83.5%). 39 Comparatively, root trunk length of maxillary and mandibular second molars were likely to be type B, forming 60.8% and 52.6% of total maxillary and mandibular second molars in Chinese, respectively. In general, for both Chinese and Caucasians, longer root trunks were found in the second molars compared to the first molars. Short root trunks were more commonly found at buccal surfaces of both maxillary and mandibular molars, whereas long root trunks were more commonly found at mesial surfaces of maxillary molars and lingual surfaces of mandibular molars. 39, 41 Furthermore, it was determined that the mean length of the distal root trunk of the maxillary first molar and mesial root trunk of the maxillary second molar was 4.66 ± 1.11 mm and 6.40 ± 1.66 mm, respectively, giving rise to the possibility of distal furcations of maxillary first molars being exposed more frequently than mesial furcations of maxillary second molars. 41 A short root trunk is mandatory when considering root resection or tunneling procedures as treatment options for molars with furcation involvement. 42 Molars with long root trunks are unsuitable for such procedures, given limited bone support remaining if the procedures were done.
| Molar root fusion
An association between molar root fusion and development of local- factors include a poor crown-to-root ratio, tapering root form, short root length, and small root surface dimension. 43 It would, however, be difficult, if not impossible, to account for all these confounding factors in order to conduct a robust study.
| MICROB IOLOGY
Aggregatibacter actinomycetemcomitans was found to be commensal in the oral flora of Chinese patients, regardless of age, sex, or periodontal status, with a prevalence ranging between 60% and 70%. 44 Tan et al. collected subgingival plaque from 92 adult Chinese patients; 45 50 were periodontally healthy and 42 had periodontitis.
In their study, periodontitis was defined as PPD ≥5 mm with radiographic bone loss. TA B L E 4 Summary of considerations in the treatment of Chinese periodontal patients to 3.2 ± 1.8 mm, and the PPD of negative patients reducing from 7.5 ± 1.6 to 2.7 ± 1.0 mm.
| G ENE TI C SUSCEP TIB ILIT Y
In the landmark study conducted by Kornman et al., subjects with interleukin (IL)-1 gene polymorphism were identified as having an increased susceptibility to severe periodontitis. 50 This was subsequently further elaborated on, with a positive IL-1 genotype and heavy smoking increasing the risk of tooth loss to periodontal disease by 2.7 times and 2.9 times, respectively, and the combined effects of the IL-1 genotype and heavy smoking increasing the risk of tooth loss by 7.7 times. 51 However, in a cross-sectional study of 300 Chinese volunteers, it was found that the Chinese population displayed a very low prevalence of periodontitis-associated IL-1 gene polymorphisms (2.3%) compared to Caucasian populations. 52 Various gene polymorphisms, including IL-6, 53 IL-10, 54 and colony-stimulating factor-1, 55 have been tested for susceptibility to periodontal disease in Chinese populations; however, to date, the association between a single gene polymorphism and periodontal disease has not been consistently proven.
| CON CLUS IONS
Despite the subtle differences in the Chinese population (Table 4) , the successful treatment at all stages of periodontal therapy have been repeatedly demonstrated in this particular ethnic group at various geographic locations. [56] [57] [58] [59] With increasing globalization, populations at various regions are becoming increasingly heterogeneous. It is important for dental practitioners to be aware of differences in dental anatomy, microbiology, and genetic susceptibility of various ethnic groups, and manage periodontal disease accordingly.
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